Adherens junctions are members of a molecularly and structurally heterogeneous family of cell contacts sharing a common association with the microfilament system. Various topics related to the biogenesis of these cellular contacts and the molecular interactions involved in their formation are discussed. l A T he role of vinculin, a cytoplasmic 'plaque' component present in all adherens junctions tested to date and its possible interactions with the other junctional domains have been investigated by both biochemical analyses and studies of molecular dynamics in microinjected living cells. The importance of A-CAM, which apparently functions as a 'junctional receptor' is emphasized and its roles in junction formation in cell cultures and in developing embryos are discussed. In addition, its relationship to other Caz+-dependent cell adhesion molecules (in particular L-CAM) is considered. The evidence indicating that the level of expression of vinculin-specific mRNA is affected by culture conditions and may be markedly modulated by changes in the adhesiveness of the substratum on which the cells grow is reviewed.
INTRODUCTION
Adhesion to exogenous surfaces has many profound effects on the structure and behaviour of metazoan cells. The wide variety of structurally defined cell contacts, the distinct responses of different cells to contact-mediated stimuli and the molecular diversity of cell-adhesion-related molecules, renders it difficult, if not impossible, to provide a unified molecular model for cell adhesion. To illustrate the various levels of complexity of cell contact phenomena a few examples may be outlined. Structural studies, conducted at the light-and electron-microscope levels reveal a multitude of different types of cell contacts, including the major junctional specializations, contacts with the extracellular matrix, etc. Examination of a wide variety of cells in situ or in culture reveals remarkable variations in the topology of the various cell contacts, their overall shapes, dimensions and spatial inter-relationships. Tempor arily, cell contacts may be constantly modulated, grow, change orientation or fade out. At the molecular level, cell attachments may be mediated by a wide variety of adhesion molecules interacting with a broad spectrum of exogenous surfaces. Finally, cell contacts may play diverse (often conflicting) roles in cell physiology. They are involved in cell locomotion as well as in the extensive spreading and immobilization of cells and they also play a part in the acquisition of cell polarity, transduction of transcellular mechanical forces, formation of permeability barriers, construction of intercellular transport channels, control of cell growth, regulation of 252 B. Geiger and others differentiation, etc. Needless to say, all these major physiological activities depend on the accurate molecular orchestration of cell contact formation and on the transmembrane transduction of contact-related stimuli into the cell interior.
Attempts to gain an insight into the possible mechanisms of transmembrane signalling in cell contacts have focused considerable attention on those adhesions that are associated with specialized cytoplasmic structures. Among the first contacts of this type to be described were the adherens-type junctions and desmosomes (Farquhar & Palade, 1963 ) and the focal contacts or adhesion plaques. The latter have been shown, by Abercrombie and co-workers as well as by others (see below), to be associated with bundles of cytoplasmic microfilaments.
The major goal that has guided our studies over the last several years has been to characterize the molecular interactions that occur in these sites subsequent to and as a consequence of contact formation. Following the discovery of vinculin (Geiger, 1979 ) major efforts were directed toward studies on focal contacts and these studies were extended when it was realized that vinculin is also present in intercellular contacts of the adherens type. In this article we will briefly summarize our current view of the structure, dynamics and regulation of expression of junction-related proteins.
v i n c u l i n : a n a d h e r e n s j u n c t io n -a s s o c ia t e d p r o t e in Adherens junctions are a morphologically diverse group of cell contacts that are associated at their cytoplasmic surfaces with microfilament bundles (Farquhar & Palade, 1963; Geiger et al. 1983 Geiger et al. , 1985 . One of the features common to all adherens junctions studied to date is their association with a cytoplasmic, vinculinrich plaque (Geiger, 1979 (Geiger, , 1982 . Thus, the labelling of different cells and tissues with vinculin-specific antibodies has served as a primary tool to identify adherens junctions, localize them, delineate their structure and monitor their assembly (Geiger et al. 1981 (Geiger et al. , 1985a .
The most conspicuous vinculin-containing sites in cultured cells (and probably the most extensively studied) are the focal contacts formed with tissue culture substrata. In these areas, which were thoroughly investigated by Abercrombie and co-workers, as well as by many others (e.g. Abercrombie et al. 1971; Heaysman & Pegrum, 1973; Abercrombie & Dunn, 1975; Vasiliev & Gelfand, 1981) , the ventral cell membrane is closely and firmly attached to the substratum and in its cytoplasmic aspect it is bound to actin filaments (Heath & Dunn, 1978) . This apparent transmembrane linkage is demonstrated in Fig. 1 , showing the ventral vinculin plaques, which are localized at the termini of actin-rich stress fibres. The vinculin distribution pattern shown in Fig. 1 is somewhat misleading, as it was obtained after mild extraction and fixation of the cells and thus it reveals only membrane-bound vinculin. Another major fraction of cellular vinculin is a diffusible cytoplasmic pool, which maintains a dynamic equilibrium with the membrane-bound fraction (Kreis et al. 1984; Geiger et al. 1984ft ), as will be discussed below. Our earlier studies concerning the role of vinculin in contact formation suggested that the establishment of new surface contacts with suitable substrata leads to the local accumulation of some putative transmembrane 'contact receptors', which in turn may bind vinculin to their clustered cytoplasmic moieties. Subsequently, these vinculin-rich plaques may nucleate actin bundle assembly (Geiger, 1982 (Geiger, , 1983 Geiger et al. 1984a,b) . Since this model was formulated several new adherens junction components have been found, which enables us to reassess various aspects of this model. We would like to reiterate that most of our studies support the view that adherens junctions contain three major molecular domains (cytoskeletal, plaque, membrane) and that the assembly of this structure is a vectorial process that is initiated by the contact itself (Geiger, 1982; Geiger et al. 19856) .
As pointed out above, focal contacts serve as both interesting and convenient models for studies on the structure and dynamics of adherens-type junctions. Yet there are many other structurally diverse types of adherens junction, which may be formed by cells in culture or in the living organism. Among these are contacts with extracellular matrix elements, e.g. dense plaques of smooth muscle (Geiger et al. 1981; Small, 1985; Volberg et al. 1986 ), tendenous-muscular interactions, attach ments to basement membranes and, at least in some cases, neuromuscular or related junctions (Bloch & Geiger, 1980; Bloch & Hall, 1983) . Other contacts are the intercellular junctions, which may form extensive belt-like structures (zonulae adherentes) as seen in polar epithelia, patches (fasciae adherentes) as seen in cardiac muscle, as well as non-desmosomal spot contacts as seen in cultured fibroblasts and other cell types (Farquhar & Palade, 1963; Staehelin, 1974; Tokuyasu et al. 1981; Geiger et al. 1983) . Some examples of vinculin-rich junctions are shown in Fig. 2 . In all these systems vinculin is apparently present (therefore we classified them as one family), yet further examination revealed notable molecular differences, which are apparently of some significance for the fine structural and functional properties of these diverse junctions.
MOLECULAR AND STRUCTURAL VARIABILITY AMONG ADHERENS-TYPE CONTACTS
Using vinculin as a major molecular landmark was the basis for the classification of all the above-mentioned cell contacts into one group of homologous structures. This, somewhat artificial, classification leads to some intrinsic controversies, which become apparent when one considers the different functional properties of cellmatrix, as compared to cell-cell, contacts. The former are usually involved in cell spreading, translocation and normal growth (e.g. see Folkman & Moscona, 1978; Gospodarowicz et al. 1978; Ben Ze'ev et al. 1980) , whereas cell-cell attachments limit cell spreading, block motility and usually arrest cell growth (Abercrombie, 1970; Ueaysman & Pegrum, 1973; Vasiliev & Gelfand, 1981) .
Characterization of the fine structure of different junctional subdomains has provided direct evidence that the two functionally distinct subfamilies of cell junctions also display differences in their molecular composition. Such indications 256 were obtained through efforts to identify new components of the cell-substratum and cell-cell adherens junctions. One such component is the protein talin. This 215 x l0 3M r protein was originally isolated by Burridge and co-workers from smooth muscle and identified as a new focal contact-associated molecule that displays distribution patterns similar to those of vinculin (Burridge & Connell, 1983a,b and see Burridge et al., this volume) . Talin was later identified as p-235 of platelets (O'Halloran et al. 1985) and localized in both cardiac muscle and in the dense plaques of smooth muscle (Volberg et al. 1986 ). However, double immunofluor escent labelling of various cultured cells and intact tissues revealed conspicuous differences between the distribution profiles of talin and vinculin. The latter was associated with all adherens contacts, while the former was exclusively located in cell-substratum (or cell-matrix) attachments (Geiger et al. 1985a) . These differen tial distributions are best visualized in cultured epithelioid cells as demonstrated in Fig. 3 . In these cells both vinculin and talin are present in the focal contacts, while the apical intercellular junctions contain only vinculin (for further details, see Geiger et al. 1985a) . The molecular heterogeneity of adherens junctions described above provides some insight into the possible molecular interactions between the various components that constitute these complex structures. Biochemical studies carried out with isolated proteins indicated that vinculin can bind to talin (Otto, 1983; Burridge & Mangeat, 1984) . Less-direct evidence suggests that vinculin may also interact with a'-actinin (Craig, 1985) and, under appropriate conditions, may undergo self-assembly. The latter notion is based on the non-saturating kinetics of vinculin binding to focal contacts (Avnur et al. 1983) .
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Some years ago it was proposed that vinculin could bind to actin and induce its bundling (Jockusch & Isenberg, 1981 , 1982 or capping (Wilkins & Lin; 1982; Lin et al. 1982) . Further studies, however, suggested that these activities could not be attributed to vinculin itself but rather to a low molecular weight (25 X 103M r) actincapping protein that was present in the vinculin-rich fractions (Evans et al. 1984; Schroer & Wegner, 1985; Wilkins & Lin, 1986) .
In recent studies carried out in this laboratory we have purified this molecule (denoted by us 25 K-ACP) and found by immunocytochemical labelling that there is no spatial relationship between this molecule and the vinculin-rich contacts in cells and tissues (Miron et al. unpublished results) . It is noteworthy that in spite of the definitive affinity between vinculin and talin, the two only partially coincide, even within the same cell as described above (see also Geiger et al. 1985a; Volberg et al. 1986) .
Studies on the nature of the extracellular matrix (or substratum)-binding components in focal contacts have created some confusion. Some reports indicated that fibronectin and its receptor are associated with focal contacts (Singer & Paradiso, 1981; Hynes et al. 1982; Damsky et al. 1985) , whereas others indicated that fibronectin is excluded and that cells may actively remove fibronectin from underneath focal contacts in a centripetal direction leading to the formation of small fibronectin cables (Birchmeier et al. 1980; Avnur & Geiger, 1981; Chen & Singer, 1980 , 1982 . This discrepancy led to the suggestion that the continuous interaction of fibronectin with its receptor is not obligatory for substratum adhesion in focal contacts, although it may initiate or promote their formation. It seems that one has to distinguish between two distinct stages in fibronectin-mediated attachment: the establishment of stable substratum contacts (which may be formed with a fibronectin matrix) and the subsequent mobilization of the underlying matrix. It appears that the latter process is affected by culture conditions and that cells growing in serum free or low-serum media tend to concentrate fibronectin under the focal contacts, while cells cultured in the presence of serum remove the protein from these sites (Grinnell, 1987) . Beside the interesting implications that this finding has for the dynamic properties of focal contact components, it also suggests that the fibronectin-fibronectin receptor complexes may constitute part of the transmem brane linkage in focal contacts although they are apparently not an obligatory component of this system. The nature of other putative membrane molecules in that area is still unclear. It is noteworthy that recent studies suggest that constituents of the fibronectin receptor (e.g. integrin), may react with fibronectin (and possibly with laminin) at the cell exterior and with talin at the cytoplasmic faces of the focal contact (Horwitz et al. 1985, 1986 and see Buck & Horwitz, this volume) .
Other studies of the molecular architecture of intercellular adherens-type junc tions have revealed that some additional components are present in these sites in addition to vinculin and actin. In our attempts to identify the contact receptor(s) of these junctions a new molecule with an apparent molecular weight of 135 XlO3 was identified and later denoted A-CAM (for adherens junction-specific cell-adhesion molecule). As will be described below, A-CAM is a membrane-associated glyco protein the major part of which is expressed at the junctional cleft (Volk & Geiger, 1984 , 1986a . It is present in the adherens junctions of many cultured cells as well as of several adult tissues including cardiac muscle, eye lens and others. A study of A-CAM expression has indicated that this molecule is a primary, Ca2+-dependent CAM, which is most abundant in various epithelia of early chick embryos (Duband et al. unpublished results) . Notably, many adherens junctions-containing epithelia in the adult animal are devoid of A-CAM and apparently contain another Ca2+-dependent cell-adhesion molecule, namely L-CAM (or uvomorulin) (Boiler et al. 1985; for review, see Edelman, 1985) . In some tissues (endothelium, for example), neither A-CAM nor L-CAM is found and the nature of their specific junctional receptor in them is not clear.
Another component that is associated with intercellular adherens junctions is a plaque protein that was originally detected in desmosomes. This 83 X 103M r protein is a globular molecule first identified as desmoplakin 3 and later, denoted plakoglobin (Cowin et al. 1986) . Plakoglobin is detected in a large variety of intercellular adherens type junctions and is clearly absent from cell-matrix (or cell-substratum) attachments. Taken together, these results provide a possible outline for the major links of the transmembrane chain of interactions in focal contacts, which may include elements of the extracellular matrix, integrin, talin, vinculin, ar-actinin and actin (see model in Fig. 4 ). This model is extremely preliminary and additional studies will be necessary to substantiate or disprove it.
In conclusion, adherens-type junctions seem to be a molecularly heterogeneousfamily of cell contacts. Besides common components (such as vinculin, ar-actinin and actin) there are proteins that selectively associate with several types of adherens junctions and not with others. Among these are talin, which is present only in cell-m atrix contacts, and A-or L-CAM as well as plakoglobin, which are associated with cell-cell contacts. It is, nevertheless, clear that the present knowledge of the repertoire of junctional components is incomplete, as implied by the unidentified components presented in the hypothetical molecular model shown in Fig. 4 . Extensive efforts will be necessary to obtain a more complete picture of the molecular structure of the junctions and to determine the interactions between their various components. Fig. 4 . A hypothetical scheme depicting intermolecular interactions in cell-matrix and cell-cell adherens-type contacts. In constructing this scheme we have assumed some similarity in the overall molecular organization of the two types of contact as well as some specific differences. In view of the highly speculative nature of the model it seems necessary to add a brief explanation: (1) integrin may be present in focal contacts (though not obligatorily) and may therefore also be located outside. (2) Talin (tal) may be attached to both integrin and vinculin (vin). (3) Vinculin may bind to talin and to aactinin (or) as well as to itself. (4) a-Actinin certainly binds to actin and cross-links it. If it does indeed bind to vinculin (for which there is still only preliminary evidence) it may serve to bind the cytoskeletal domain of the junction to the plaque. The major uncertainties in this model are the exact nature of the adhesion molecule (in those cases where integrin is absent) and of the vinculin-actin linker. The intercellular junction contains (1) A-CAM (or L-CAM in some cells), which is bound to a plaque molecule; (2) an unknown molecule (?), which plays an equivalent role to talin in the cell-matrix contacts. (3) This molecule may be related to plakoglobin or associated with it. (4) The rest of the junctional elements may be organized as described above for cell-matrix contacts. 
THE ASSEMBLY AND DYNAMIC FEATURES OF ADHERENS JUNCTIONS
Examination of focal contacts of cultured cells by interference reflection mi croscopy as carried out by Abercrombie and co-workers (Abercrombie & Dunn, 1975; Heaysman & Pegrum, 1982) , as well as by others (e.g. Izzard & Lochner, 1976 , Molecular interactions in adherens-type contacts 261 1980 Chen, 1981a ,b\ Couchman et al. 1983 , revealed several important features of these structures. Focal contacts are formed in a polar fashion primarily under the lamellipodia at the periphery of the cell. In locomotory cells new contacts are continuously formed under the 'leading edge'. Once formed, focal contacts appear to be relatively static structures; their dimensions may change but their location and position relative to the substratum are essentially fixed. These observations raised a number of questions: what initiates and controls the formation of focal contacts? What are the inter-relationships between the junctional and extrajunctional pools of the various proteins? How does the contact affect the assembly of the microfilament system and vice versa? How is the polar formation of focal contacts under the leading edge of motile cells coordinated? etc. Answers to these questions are essential for a full understanding of the mechanisms of cell locomotion and junction formation.
Several years ago we studied the early focal contact-like structures formed during cell spreading. One of the striking features of these contacts is their periodic patchy appearance at the cell periphery. Together with L. Segel from this Institute we outlined a mathematical model, which describes the transition from a nearly uniform state to a periodic patchy array of contacts (Segel et al. 1983) . Postulating the existence of positive cooperativity in membrane substratum binding we have shown that small disturbances to the uniform state may develop into sets of contacts with defined periodicity. On a theoretical basis we have also suggested which variables may affect the observed periodicity of the early radial focal contacts. Another interesting feature of the early adhesions is related to temporal stages in their assembly, i.e. double immunofluorescence labelling of freshly plated cells for actin and vinculin indicated that the latter was associated with discrete radial substratum contacts before actin bundles were apparent in these areas (Geiger, 1981) . We have postulated that this finding supports the view that the assembly of the membranebound, vinculin-rich plaques precedes the local bundling of actin and possibly induces it.
A more direct experimental examination of focal contact dynamics was made using the fluorescence photobleaching recovery (FPR) technique (for review of the methodology, see Axelrod et al. 1976 ). In our studies we have measured the lateral mobilities of a lipid probe and of surface proteins in focal contacts as compared to non-attached regions of the ventral cell membrane (Geiger et al. 1982) . Measure ments of the extent of fluorescence recovery and the rate of diffusion of the different components indicated that both lipids and proteins moved through focal contacts at a reduced speed. Moreover, a significant proportion of the labelled proteins was essentially immobilized in the contact areas. These findings suggested that focal contacts are unique membrane domains in which many of the proteins are anchored, probably due to their interactions with the substratum, the cytoskeleton or both. Yet they are apparently not 'diffusion barriers', and thus components that are not immobilized can diffuse through them.
Another set of studies was directed towards the characterization of the dynamics of vinculin, a-actinin and actin. These studies involved fluorescent labelling of the respective proteins, their microinjection into living cells and FPR analysis of their behaviour in areas containing focal contacts (for details, see Kreis et al. 1982 Kreis et al. , 1984 . The FPR measurements indicated that the three proteins were present both in a soluble (diffusible) cytoplasmic pool and in an anchored form. It was, however, evident that the two pools maintained a continuous exchange of components between them. The half-life of this exchange was in the range of 2-5 min. On the basis of the various FPR experiments we have proposed that focal contacts, and probably other adherens-type junctions are dynamic structures that maintain a continuous exchange with their extrajunctional pools. Controlled shifts in this equilibrium in one direction or the other may lead to an enlargement of the junction or to its diminution. Such control mechanism, the nature of which is unclear at present, could coordinate contact formation both spatially and temporally. Some suggestions as to the possible involvement of microtubules in the coordi nation of focal contact formation emerged from recent studies carried out in collaboration with G. Rinnerthaller and V. Small (Small et al. 1985; Small & Rinnerthaler, 1985; Geiger et al. 1984a) . These studies involved time-lapse cinematographic recording of motile cells followed by triple fluorescent labelling for actin, vinculin and tubulin. The results pointed to a most remarkable coincidence of apparently free-end microtubules with the nascent focal contacts. The sequence of events that occurs during focal contact formation in motile cultured cells involves local ruffling, extension of microtubule(s) into that area and the initiation of vinculin organization in the nascent ventral contact. The functional inter-relationships between these events are not clear to us at present; we do not know the mechanism directing these peripheral microtubules into the leading edge, or in what way this process affects ruffling and focal contact formation or vice versa. One possibility is that the focal contact-related microtubules stabilize this region and thus promote its assembly. It should be mentioned, that in contrast to our view on the contactdependent assembly of membrane-bound vinculin, other investigators have pro posed that actin and vinculin may become organized prior to the establishment of focal contacts and possibly define the site for their formation (e.g. see Izzard et al. 1985) . However, regardless of some ambiguities, it seems now clear that the formation of focal contacts is at least partially controlled by a complex central coordinating system. The observed behaviour of microtubules may be a part of this system, the rest of which is yet to be discovered.
A-CAM: RECEPTOR OF INTERCELLULAR ADHERENS-TYPE JUNCTIONS
In a previous section we briefly mentioned A-CAM as a specific membraneassociated junctional receptor present in intercellular contacts of the adherens type. As pointed out above, such molecules are apparently most important both for The experimental strategy that we adopted in our attempts to identify the junctional receptor was based on the immunization of mice with junctional membrane proteins (from cardiac muscle intercalated discs), the preparation of hybridomas and the selection of clones secreting junction-reactive antibodies. This approach resulted in the identification of a new 135xl03M r protein, which was abundant in cardiac muscle and lens (Volk & Geiger, 1984) as well as in many embryonic epithelia (Duband et al. unpublished results) .
Immunocytochemical localization of this 135K (K = 102M r) protein (which was later named A-CAM) in cells and tissues pointed to its close spatial relationships to vinculin and actin (Fig. 5 ). Yet immunoelectron microscopic labelling of ultrathin frozen sections indicated that A-CAM is closely associated with the junctional membrane, unlike vinculin, which was present throughout the junctional plaque (Geiger et al. 1985a ,b\ Volk & Geiger, 1986a ). Moreover, we were able to show that the major part of the A-CAM molecule (approx. 100K) was exposed to the junctional cleft. Immunofluorescent labelling of living cells with anti A-CAM showed only very limited labelling, which could be augmented considerably by a short (few seconds) pre-exposure to EGTA (Volk & Geiger, 1984) . Further experiments showed that, following chelation of Ca2+, A-CAM in living cells becomes trypsin-sensitive and that a ~90K fragment of the molecule can be clipped off leaving the antigenic epitope on the cell surface (Volk & Geiger, 1986a) . Prolonged incubations in DMEM resulted in the appearance of a ^lOOK fragment in the medium bearing the same antigenic epitope, indicating that the extracellular moiety of A-CAM has an apparent size of 90-100K (unpublished results).
A most important property of A-CAM (and the justification for its inclusion in the CAM family) resides in its apparent involvement in intercellular interactions. The experimental approach taken in these studies was largely similar to that employed in the past for N-CAM, L-CAM and the various cadherins (Hyafil et al. 1980; Yoshida & Takeichi, 1982; Damsky et al. 1983; Gallin et al. 1983; Takeichi et al. 1985) , namely the capacity of antibodies to disrupt cell contacts or prevent their formation. To our surprise, intact anti-A-CAM did not disrupt junctions nor did it prevent junction formation, yet the monovalent Fab fragment of anti-A-CAM was very effective in blocking junction formation (Volk & Geiger, 19866) . Interestingly, adherens junctions that were formed in the presence of divalent antibodies became Fig. 7 . The effect of substratum adhesiveness on the morphology (phase), vinculin distribution (vin) and specific vinculin mRNA (RNA) in cultured chicken fibroblasts. The cells were plated either on endothelial ECM, regular tissue culture dish (N) or poly(HEMA)-coated dish (PH), and cultured for 2 days. Note that the cells on the ECM are very well-spread, displaying numerous large vinculin-rich focal contacts. The cells on poly(HEMA) remain rounded or spindle-shaped with poor and distorted focal contacts. Northern blot analysis of equal amount of total RNA (10 fig) shows the relative levels of specific vinculin transcripts in cells plated on the three substrata (right-hand column). Comparison of the blots demonstrates the remarkable effects of substratum adhesiveness; cells growing on the ECM having the greatest amounts of vinculin mRNA and those growing on poly(HEMA), the least.
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essentially Ca2+-independent, pointing to the possibility that the newly formed junctions are bridged by the antibody itself.
As mentioned earlier, a study of a wide variety of cells and tissues indicated that A-CAM is apparently not the only CAM involved in adherens junction formation. Many mature epithelia contain another Ca2+-dependent cell adhesion molecule, namely L-CAM or uvomorulin (Boiler et al. 1985; Thiery et al. 1984; see also Edelman, 1983 see also Edelman, , 1985 . The expression of either of the two CAMs by cells is apparently related to the state of development and its expression is strictly regulated during embryogenesis.
A common feature of both A-CAM-and L-CAM-mediated interactions is that the two molecules are believed to mediate homotypic interactions, that is interactions between cells of the same origin and stage of differentiation (such as in cardiac myocytes, intestinal epithelium etc.). Moreover, it has been proposed (although on the basis of limited and indirect information) that both A-CAM and L-CAM commonly form homophilic contacts in which each molecule binds to another molecule of the same kind on the other cell's membrane (Edelman, 1985) . This view supports the idea that the two CAMs might some-how be involved in tissue sorting during development.
To study A-CAM/L-CAM relationships directly we cultured chicken hepatocytes (expressing only L-CAM) together with lens epithelial cells (expressing only A-CAM) and looked for heterotypic junction formation. These studies indicated that the two cell types, when cultured together, form heterologous junctions with submembranous vinculin and actin. These junctions, contain L-CAM on the surface of the liver cell partner and A-CAM on the lens cell partner (see Fig. 6 ). These observations were corroborated by electron microscopy and by several additional important observation from control experiments, such as the capacity of both anti-L-CAM and anti-A-CAM to block the formation of lens-liver mixed junctions. It should be pointed out that these heterotypic junctions provide us with some insight into the molecular relationship between the two molecules. In view of the apparent non-discriminatory binding specificities of these two molecules in heterotypic junctions, and the putative homophilic interactions in the homotypic junctions, it seems likely that A-CAM and L-CAM bear some structural homology. This idea will hopefully be directly examined once detailed information on the molecular properties of the two CAMs is available.
REGULATION OF VINCULIN SYNTHESIS IN CELLS: STUDIES AT THE PROTEIN AND mRNA LEVELS
Many of the observations, made over the last few years indicate that the organization of vinculin can be altered when cultured cells are exposed to various different environmental conditions (Geiger et al. 1985a) . Some of these alterations could be attributed to variations in the adhesiveness of external surfaces, which are expected to alter the rate of contact formation and determine its morphology. Recently we have shown, in collaboration with A. Ben-zeev and F. Ungar (Ungar et al. 1986) , that the expression of vinculin in cultured cells is affected by the state and extent of their cellular contacts. Thus, sparsely plated fibroblasts express significantly less vinculin than cells plated at near confluent densities. Moreover, plating of cells on poly (HEM A), which is a poorly adhesive substratum, further decrease the rate of vinculin synthesis. Comparison between the two extreme conditions (namely cells on poly(HEMA) and densely plated cells on a normal substratum) indicated that the differences in vinculin expression may be by a factor of up to 20.
We realized, however, that any further progress towards understanding the contact-dependent control of vinculin expression required a study at the genetic level. In fact, many of the studies of the molecular properties of vinculin, its various isoforms and different cellular interactions were hampered by limited information regarding its detailed structure. We have therefore set out to clone the vinculin gene. We started by screening a chicken embryo fibroblast cDNA expression library in phage Agtll (kindly supplied by Richard Hynes from M IT) using vinculin-specific antibodies (Huynh et al. 1986 ). Four independent clones were identified, ranging in size from 3-0 to 5-OxlO3 base-pairs. The authenticity of these putative vinculin clones was verified by several independent assays: the product expressed in the bacterial host was immunoreactive not only with the serum used for the primary screening but also with polyclonal affinity-purified antibodies as well as five independent monoclonal antibodies. Southern blot analysis (Southern, 1975) showed that all the isolated clones reacted with similar, though not identical, patterns of restriction fragments obtained after digestion of chicken spleen DNA with various enzymes. Further identification of these cDNA clones was obtained by hybrid selection (Ricciardi et al. 1976 ) of total cellular chicken fibroblast RNA and its in vitro translation. The results indicated that the selected mRNA was translated into a polypeptide of 130K, which comigrates with purified chicken vinculin. Northern blot analysis of total RNA (or polyA+RNA) from various chicken sources revealed a single transcript of about 6-5 kb (considerably larger than apparently required to code for a 130K protein).
T he availability of these vinculin-specific cDNA probes enabled us to quantify the vinculin-specific mRNA in cells growing under different environmental conditions. Studying the effects of substratum adhesiveness on vinculin expression, we used normal Falcon tissue culture dishes, substrata coated with extracellular matrix (ECM) from bovine corneal endothelial cells (obtained from I. Vlodavsky, of the Hebrew University in Jerusalem), and plates coated with poly(HEMA) as described by Folkman & Moscona (1978) . Comparison of the vinculin-staining patterns revealed marked differences between the substrata. There was a far larger focal contact area in the ECM-attached cells as compared to the normal cultures. The cells attached to the poly(HEMA) were mostly rounded or spindle-shaped and displayed few and distorted vinculin containing focal contacts (Fig. 7) . Comparison of the relative contents of vinculin transcripts indicated that cells growing on the ECM, normal dishes and poly(HEMA) contained specific mRNA in ratios of 3:1:0-5, respectively.
The results obtained on the regulation of vinculin expression at the protein and mRNA levels, despite their preliminary nature, indicate that there is some feedback mechanism that is affected by cell contact formation and is capable of regulating vinculin synthesis. The mechanism of such a regulatory system and the way in which cell contacts may control gene expression are extremely interesting, important and totally unknown. In view of the interplay between the membrane-bound and cytoplasmic 'soluble' vinculin (Geiger, 1982; Kreis et al. 1984 , and see above), one may speculate that this soluble vinculin may somehow inhibit the expression of its own gene but that the establishment of cell contacts depletes vinculin from this 'inhibitory' soluble pool, leading to an increase in its expression. Though we have, no direct evidence to support this hypothesis, it should be mentioned that similar mechanism has been shown to operate in the regulation of tubulin expression. Here, soluble, unassembled tubulin was found to specifically regulate the level of tubulin mRNA (Ben-Ze'ev et al. 1979; Cleveland et al. 1981) . We may further speculate that if indeed cytoplasmic vinculin controls its own gene expression it might also regulate the expression of other proteins related to anchorage dependence. 
